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SYSTEMATIC CORRECTIONS TO THE CALA.MA, CHILE, SOLAR CONSTANT VALUES. 

By C. G .  ABBOT. Assistant Secretary. 

[Smithsonisin Instit!~tion. Wsshixton, D. C.. Pelit. 2, 1921.1 , 

As stated in the MONTIILY WEATHER REVIEW for 
February, 1919, when the regular iblication of t,he 
solar constant values observed in Cl!ile by the Sniith- 
sonian expedition was begun, the values published were 
regarded as preliminary. That is to say, the results 
were given just as they were received from the field, and 
it was not until a considerable body of the South Ameri- 
can solclr-constant values were available that a ge,ne.rd 
survey of them could be taken in order to have tt bn.sis 
for the determination and correction of such systematic 
errors as might appear. The occupation of the station a t  
Calama having ceased on July 3, 1920, with the remornl 
of the station to Mount Montezuma, the whole body of 
the Cdama results can now be examined from B general 
point of view for 'the urposes just mentioned. 

First of all, it was &sirable t.0 determine whet.hcr the 
solar-constant values were in correlation with tlle pre- 
v a i h g  atmospheric humidity. Such a correlation, ns 
readers of Volume I11 of the A m a h  qf tA.4 Astrophysicai! 
Ob~ervutory will find described at, page 13, was discoverecl 
in the Mount Wilson observations by grouping the sohr- 
constant values between certain limits of precipitable 
water prevailin in the atmosphere, as det.erminec1 by 
Fowle's method! In discussing t.he Calama results, the 
logarithm of the ratio p/pso-that is to say, the logarithm 
of the depression of the curve a t  the water vapor band 
p-was used as the function of atmosphe.ric. humidity. 
The values of the solar constant were grouped with 
respect to tshis variable, with the following results: 

Infltunce of ntinosplieric lwmidihy on C'ulnnui mlar-~oii~ttrt~t vc1i:e.T. 

[Observations of July ?;, 1D!R, to  Timr 30. :!%a. Lone nwthnd o::l: ':,dwr:yhir~.1 

vations ...._. .... I j 20 I 32 I 35 I 3 i  I 3! I :;s 1 ?fi 

-- 
Numher of obser- ! I  

MeaOl0lrplp.o _..._.____.__._..._._............ 1.497 !.CBX : j.7.1:) I b . 3 0  
Mesnsolarronstant __.. _. ._._.._. . .. .__ __ .  . ..I 1.sm 1. !lm4 j 1. <i:;1 I 1.9325 - - -_ - - ... .- . ... .- . _. : -  . . . .. ... 1 -  . . . . . . I -  - . ! . 

The range of water vapor prevailing at Calama, is 
near1 , but not quite, as great as that which has prevailed 

constant values with respect to the logaritlim of p/pac 
does not appear to indicate with any certainty that t-here 
is any correlation between these uantities. We have 
not felt justified, therefore, in intro 8 ucing any secondgry 
correction for the prevailing humidity a t  Calaina similar 
to the secondary correction which is applied for this 
purpose to the Mount Wilson results. Accordingly. the 
values of the solar constant determined by the funda- 
mental or long method at  Calama will stand as heretofore 
published, so far as we can now predict. 

Turning now to the values determined b the empirical 

mental method has been described in this REVIEW for 
August, 1919, the accuracy of the short method results 

at d ount Wilson, but the march of the mean solar- 

or short method, whose dependence on t K e long funda- 

evidently de ends upon the accuracy of the curves which 

pIpsr: with the atmos heric. transmission coeflicients 

different parts of this curre were determined witah very 
different degrees of certainty. For those re ions where 

sponded to clear dry days. there were so many observa- 
tions by the long met,hod available as t.heir basis that 
these parts of the curve are not likely to be seriously hi 
error. 

Not so for the regions of the curve corresponding to 
very large values of the function-that is, to skies of 
oreat hazuiess associated with hioh atmospheric humidity. 
xt such times solar-constant v&es by the lone method 
are seldom obtained, and when obtained are l i the  to be 
in error, due to change in the transparenc of t,he atmos- 
phere during the several houm requirezfor the long- 
method determinations. It seems, therefore, particu- 
larly desirable to determine whether the short-niet.hod 
results a pear to be systematically in error for different 

It will be recdled that the short-Eethod solar-constant 
values are coniputed by the aid of three sets of curves- 
one set corresponding to observations at  air niass 3, 
another a t  air mass 2, and the third at air mass 1.5. In  
the study of the matter we, therefore athered d l  of the 
solar constnnt values, first, into the t%xee divisions cor- 
responding with the three sets OI curves from which t.liesc. 
divisions were severally determined. Secondly, in each 
of these grand divisions we divided the solar constant 
values into limits of the func- 

function values are 
prevailingly associated seasons of the year, 
yet a very fair occurs over the en- 
tire annual period. Accordingly, when a large group of, 
say, 20 to 50 solar-constant values is selected, corre- 
sponding to functions values between certain narrow lim- 

oup of solar-constant values covers a great 

The mean of such a group will be very little subject to 
fluctuation owing to the real variability of the sun. 
Hence, we made the assumption that the mean values of 
the grou s within the 13 months. July, 1919, to July, 

tical with the mectn value of the solar-constant values 
scattered through this interval of time which were de- 
termined by the long method. 

The latter value was found to be 1.951 calories per 
square centimeter per minute. Accordingly, the devia- 
tions of the mean values for the various groups from the 
standard values, 1.951 , were regarded as an indication of 
the amount of error due to the employment of defective 
function-transmission curves within the va,rious limits of 
the several groups. 

This system of devintions having been plotted with 
respect to the values of the functions corresponding, a 
correcting curve was thereby obtained for short-method 
observations taken a t  Cdarna by each of the three sets 
of curves corresponding respectively to air masses 3, 3, 
and 1.5. In  the follomng table are given, in illustration, 
the results of the discussion for air mass 3. 

have been c Q rawn connecting t,he values of the function 

clet,ermined by many P ong method observations. The 

the value of the function was small and w 9 iich corre- 

' 

values o P the function. 

variety this o 7 days fairly representative of the whole year. 

1920, inc Y usive, should be identical, and should be iden- 
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Nuiuberofohservations. 66 95 

Ffmi: ralnr of function.. . . . 1i4 243 
Yvsn solar constant __._.___ 1.9451 1.9432 
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41 27 20 14 24 

340 450 586 780 1.151 
1.9452 1.9566 1.9030 1.9791 1.9832 

1919. 
Sepb. 17. ___.___. 

IS ......... 
19 ......... 
211. . . . . . . . . 
21 . . . . . . . . . 
22. . . . . . . . . 
3. . . . . . . . . 
25 ......... 
Yl. . . . . . -. . s......... 
2s ......... 
3. . . . . . . . . 

Ort. 2 ...____._ 
7. . . . . . . 
s......... 
9. . . . . . . . . 

10.. . . . . . . . 
11. ... .. ... 
1 :? . . . . . . . . . 
13 ......... 
I !  ......... 
1s ......... 
17 .... ._ ._. 
l!l. . . . . . . . . 
21 ... ...... 
23. . . . . . . . . 
24 . .  . . . . . . . 

sn ......... 
. 

2n. . . . . . . . . 

., i -.I. .. . . . . . . 

In  drawing the curve for c.orrecting the solarsonstant 
values, i t  was thought best to err on the side of minimiz- 
ing rather than of emphasizing the correckion where the 
divergence of the observed corrections from the smooth 
curve would tend to raise a. doubt as to the best course 
to pursue. Accordingly, the corrections which have been 
applied are thought to be, if anything, slightly less in 
magnitude than perhaps would be advisable. nowever, 
the magnitudes of the corrections are in all cases small, 
and the defect in the corrections, if any, is certainly in a 
high degree negligible. 

On this basis me have corrected each individual value 
for the solar constant obtained b the sbort method from 
July 1, 1919, to July 26, 1920. 6 a t a  were lacking to ap- 
pl the corrections for the very few da s of .June, 1919, 

corrections a t  that season of the year were generally very 
small, so that this is of little consequence. 

ive the original m d  cor- 

period in question, extendinv from July 1? 1919, to .July 
26,1920. All other values OF the solar constmt observed 
at the st.ation at. Calnma are to he regarded, at, least for 
the wesent, as  sta.nding imchnnged. 
dit,li regard t.o t,he solar-constant values which hare 

been obtained a t  the station a t  Montezuma, hithert,o we 
hn.ve not been a.hle to assure ourselves that any correction 
is to be applied to them, either for the long-method or.the 
short-method results. We prefer t.o wait for some time 
further before decidin whether or not any systematic 

w l en the short method was employed: However, the 

rected weighted mean values o P the solar constant for the 
In the following table we 

corrrct,ions to these va K ues must be applied. 

- 

Weighted me= solar 
constant values. R Date 

Weightcd mean solar 
constant values. 

Date. 

1919. 
July 1 ...______ 

2. . -. - - -. . 
3. . . . -. -. . 
4......... 
6. . . . . . . . . 
9 - . - . . . -. . 

14.. . . . . . . . 
I?.  .. . . . . . - 
13.. ....... 
13.. -. . -. . . 
1.1.. . . . . . . . 
15. ........ 
17.. . . . . . . . 
1s... ...... 
19 ......... 
20. . . . . . -. . 
21.. . . . . . . . 
22. . -. . . -. . 

1.942 
1.925 
1.9% 
1.3% 
1.971 
1.954 
1.95s 
1 . w  
1.951 
1.941 
1.9G 
1. wi  
1.950 

1.935 
1.918 
1 . 9 2  
1.968 
1.964 
1.947 
1.951 
1.948 
1.949 
1.934 
1.9.Xi 
1.952 
1.95s 
1 .96  
1.979 
1 . 9 s  
1 . 9 3  
1.9tXl 
1.959 
1.9.51 
I .  WM 
1.918 
1.916 
1.955 
1.951 
1.924 
1.915 
1.R.s3 
1.935 
1.971 
1.951 
1.953 
1.936 
1.054 
1 9.53 
i 9 7 n  I 

1919. 
Ang. 10 _..._..__ 

11 ......... 
13 - - -. . . -. - 
14 -. . . . . . -. 
15 ......... 
16 -. . -. . -. . 
15. . -. . . . . . 
18 ......... 
19 ......... 
20. -. . . . - -. 
?1.. . . . . -. . 
E......... 
23. . . . . . . . . 

1.972 24. . . . . . . . . 
25 ......... 

1. %7 31 ......... 
1 . x 3  sept. 1 ..._._... 
1.925 ....._..... 
1.959 3 - -. . . . . . . 
1.95s 4 .-.._....' 
1.9% s. . . . . . . . .  
i.mn 6. -. . . . . . . 
1.937 7. . . . . . . . . 
1.943 R . . . .  ..... 
1.w 9. . . . . . . . . 

11 ......... 
I. 943 12.. . . . . . . . 
1.062 13.. . . . . . . . 
1 Wl 14. -. . . . . . . 
1:WO I 15 ._....._. 

n 

1.9.m in.. -. . . . . . 

14. - . . -. -. . 
15.. . . -. . . . 
16. . . . - -. . . 
17. -. . . . . . . 
18.. . . . . . -. 
19.. - . . . . . 
20. . . -. . . . . 
21.. . . . -. -. 
22.. . -. -. . . 
23. .. . . . . . - 
24. . . -. . . . . 
25. . - . . . . . . 
33. . . . -. . . . 
27 - . . . . . . . . 
28- ......_. 
29. . . . . . . . . 
30.. . . -. . . . 

May 1 ..._._... 
2. . . . . . . . . 
3. . . . . . . . . 
4. . . . . . . . . 
5 .  . . . . . . . . 
6. . - . . . . . - 
7. . . . . . - . . 
8 .  . . . . . . . . 
9. . . . -. . . . 

10. . . . . . - . . 
11. .... . . . . 
12. . . -. . . -. 
13.. ._. . . . . 
14. -. . . . . . . 

1. w 
1.939 
1.924 
1.946 
1.9:s 
1.932 

~ 

... .~ 
1.%2 
1.927 
1.943 
1.934 
1. 956 
1.961 

1.934 
1.9311 
1.912 
1.9% 
1.941 
1 . e J  
1. Xi7 
1.933 
1.943 
1.931 
1. El 
1.911 
1.915 
1.919 
1.m 
1.926 

1.964 
1. oli!! 

I 

L 9 U  
1.954 
1.957 
1.098 , 
1.451 
1.92: 
1. $37 
1.91s 
1.934 

1.9Z 
1. B M  
1.941 
1. !%I5 
1.937 
1.930 
1.9Lq 
1.917 
1.958 
1.930 
1.933 

1. WJ 

s . . 
7. . . . . . . . . 

11 ......... 
12. . . . . . . . . 
14 ......... 
1s ......... 
17 ......... 
I8 ......... 
19 ......... 
29 . . . . . . . . .  
21 ......... n......... 

. . . . . . . .  

i n  ......... 

Weightcd mean solar I .eonstant values. 

I 

Date. - 
originsl. 

25. . . . . . . . . 
26 - . . . . . -. . 
27.. . . . . . . . 
28 ......... 
29. -. . . . . -. 
8'1. . . . . . . . . 
31.. . . . . . . . 

Aug. I __._..._. 
2 .  . . . . . . . . 

' 

g......... 

11 ......... 
12. .. . . . . . . 
13. .. . . . . . . 
IS. . . . . . . . .  
17. . . . . . . . 
IS. .. . . . . . . 
21 . . . . . . . . . 
22. . . . . . . . . s......... 
ZI......... 
2i. . . . . . . . . 
%......... 
27. . . . . . . . . 
28. . . . . . . . . 
29. . - . . . . . . m......... 

Der. 1 _ _ _ _ _ _ . _ _  
3......... s......... 
6. . . . . . . . . 
7. . . . . . . . . 
8. . . . . . . . . 
9. . . . . . . . . 

12.. . . . . . . . 
18 ......... 
18 ......... 
IS......... 
19 ......... 
211.. . . . . . . . 
21.. . . . . . . . 
22. . . . . . . . . z:......... w . . -. . . . . . 
25 - . . . . . . . . 
26 ......... 
2 i  1.. . . . . . . 
2s. . . . . . . . . 
2 9 . . . . . . . . .  
31.. . . . . . . . 

i n  ._.______ 

In.. . . . . . . . 

17 .........I 

1. %? 
1.039 
1.949 
1.94s 
1.9.w 
1.915 
1. $39 

1.951 
1.919 
1.9%) 
1.934 
1.91s 
1.944 
1 . 9 1  
1.93 
1.9:s 
1. $61 
I. I f 2  
1.949 
1. SIC 
1.94Il 
1.959 
1. 934 
1.355 
1.9.3 
1.9m 
1. Wi 
1. W! 
1.9u 
1.971 
I .  :5i 
1. (15s 
1.9% 
1.957 
1. 9.ii 
1. Wll 
1. B!;P 
1. 9.Y 
1.941 
1.91s 

1.961 
1.9w 
1.947 
1. v2.7 
1.661 
I. 951 
1 94fl 
1. 9s1 
1.952 
1.944 
l.?RR 
1.936 
1.957 
1.852 
1. ?.=.fi 
1.95i 
1.958 
1.9Sll 
1.943 
1.934 
1.944 
1.985 
1.955 
1.957 
1.951 
1.945 
1.965 
1 9a5 
1. ?W 
1.948 
1.94s 
1.969 
1.96i 
1.9i2 
1.9% 
1. 9m 
1. Po7 
1.994 
1.864 
1.9i9 

1. m 

1. wn 
1.986 

1.970 
1.976 
1.964 
1.964 
1.977 

1.979 
1.955 
1. 982 
2. mlo 
1.995 
1.981 , 
1.9W I 
1.947 ! 
1.9.54 , 
1. 973 

2. nn 

Corrected. 

1. !I33 
1.94s 
1.957 
1.957 
1.957 
1.925 
1.941 
1.92s 
1.957 
1.9ZQ 
1.939 
1.935 
1.926 
1.9!4 
1. SW 
1. Pi1  
1.95; 
1.01 
1 . W  
1.914 
1.945 
1.932 
1. %i9 
1.939 
1.'M 
1. %2 
1.972 
1 . M  
1.9.79 
1. Lis 
1. 'M 
1. %4 
1. !lJ4 
1.961 
1.9.Q 
1. 0 P  
1.WX 
1.973 
1.94s 
1.953 
1.949 
1. w>fl 
1. !lW 

1.053 
1.941 
1.m 
1 96s 
1.952 
1.944. 
1 !4.5 
1.942 
1.948 
1. RRF 
1.m 
1.9M 
1.852 
1.959 
1.958 
1. a51 
1.952 
1.925 
1.927 
1.928 
1. w 
1.945 
1.951 
1.954 
1.937 
1.951 
1.96s 
1.946 
1.938 
1.939 
1.955 
1.951 
1 . 9 3  
1.965 
1.987 
1. tw 
1.974 
1.957 
1.987 

1. 969 
1.967 
1.960 

1.949 
2. (KR 
1.975 
1.950 
1.9.M 
1.994 
1.987 
1.96.. 
1.97s 
1.946 
1.929 
1.983 

1. as7 

I. w n  

459 

I Weiahtcd cmst.mt mean values. solar 

Date. 

I original. JorrecteJ. 

1.m 
1.973 
1.961 
1.948 

1.967 
1.957 
1.969 
1.954 
1.958 . 
1.943 
1. W3 
1.979 
1.957 
1.939 
1.964 
1.861 
1.946 
1.850 
1. 988 
1.981 
1.945 
1.858 
1.969 
1.858 
1. BUI 
1.998 
1.980 
1.m 
1. m 
1.928 
1.846 
1.881 
1.994 
1.989 
1.967 
1969 
1.948 
1.954 
1938 
1.968 
1.955 
1.988 
1.981 
1. %?a 
1. mn 
L a  
1.984 
1085 
1.983 
1.958 
1.959 
1. o(y, 
1.953 
1.054 
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~ 

1905.. ............................................ I 63 
1908.. ............................................ 5s 
1907. .......................................... .-.I_. 

I ‘~cightcd mesnsolar 
constant rdors .  

Weighted mean solzr 
constant values. 

1.956 I 1.946 
1.943 1.945 ...................... ! ............ 

Original. 

1908. ............................................. 55 1.936 1m. ............................................. 46 1.915 
1910 .............................................. 1.921 
1911.. ............................................ 3 1.921 
1912 ................................... -.-........I_. .................................. ............................................ 1 1.904 ............................................. 1. %6 I 1913.. 
1914. ......................................... 1.952 
1916.. _ I  
1917 .............................................. i 113 

........................................... 1915 .....I 

I 

Msy 16 ......... 
17.. ....... 
19.. ....... 

1.944 
1. $40 
1.W2S 
1. :r22 

1. rn 
I. 919 
1.9% 
1. w2 
1.901 

m ......... 
21.. ....... 
22 ......... 
23 ......... 
24 ......... 
25. ........ 
28. ........ 
27 ......... 
23. ........ 
29. ........ 
30. ........ 
31.. ....... 

June 1 ......... 
2. . -. -. - . . 
3. ........ 
4. ........ 
5. ........ 
6. ........ 
7. ........ 
8 ......... 
9. ........ 

10. ........ 
11. ........ 
12 ......... 
13. ........ 
14. ........ 
15.. ... ....I 

II I- ate. 

1 W .  

19 ......... 
23. ........ 
......... 

......... 
“ 7  -3.. ....... 
27 

1.952 
1.959 

1.931; 
1.939 si; ......... 
1.9r2 ......... 
1.9Q2 jl 81 ......... 
1.974) :I JUIF 1. ........ 

1.984 j 24 

1, 
......... 

3. ........ 
1. PI” 5 ......... 

......... 
u ......... 

1 9.52 I 7. ........ 
1. 94:? 9 .... 1 .... 
1.9Ch 10 ......... 
1.929 11.. ....... 
1.961) 12 ......... 
1.951 15.. ....... 
1.93h 1% ......... 
1.929 19. ........ 
I. 94n 30. ........ 
1.933 “1 ......... 
1.943 2 .  ........ 
1.924 24 ......... 
1.939 2s ......... 
1.917 26. ........ 
1.929 

11937 s ......... ’ 

Correctctl. 

1.941 
1.942 
1.947 
1.942 
1. (121 
1.951 
3.925 
1.939 
1.914 
1.049 
1.9% 

1. 9.3 
1.942 
1.94s 
1. 9r.1 
1. wi 
1.93’ 
1.945 
1.944 
1.933 
1.933 
1.932 
1. %XI 
1.9.iS 
1.947 
1. w n  
1.943 
1.9:fl 

1. a.ih 

SOLAR CONSTANT AND SUN SPOTS. 

By -4. r\NnSI’ll6M. 

[Abstract reprinted Irom Vefmrohgineke Zrifnchrift, Aug.. lV21, pi). SO-2Sl.l 

In  the Gaogrqfi.~ka dnnc17er there is given an instruc- 
tive coordination of the dhLot3 soh-constant values and 
the relative sun-spot numbers of Wolfer for the yems 
1905 to 1917. The values are the annual means. 

Year 
I I Solar constant 2;. 

- _. 
nom!jer X. 

A high sun-spot number implies a high solar constant. 
The coeficient of correlnt,ion between S and N Angstriim 
calculates to be O.G4&0.12. -4 better agreement is 
found, however, between the solar constant and the 
square root of the spot number. Here the correlation 
coefficient is 0.754 f 0.09. This relation is important, 
for it indicates that the square root of the sun-spot 
numbers is n better index of .solar activity than the 
numbers themselves. For the relation between 8 gnd 
N, Angstrom finds the following formula: S = 1 . q  + 
0.0055 JW gram-calories ; with this formula the column 
in the table headed “Calculated” is determined. 

Angstrom adds with foresight that by no means does 
the agreement in a sun-spot period persist so that one 

1 1920.2 : 162. 

may speak with assurance, althou h the validity of the 
relation appears very probable.-# M. E. 

ST/. SA+ ( 7&/. 
SUPPLEMENTAL NOTE ON FREE-AIR TEMPERATURE AT 

DREXEL AND ELLENDALE DURING T H E  WARM SUMMER 
O F  1921. 

In this REVIEW for J d y ,  1921, page 387, reference was 
made to the high free-air temperatures RS obtained by 
kites at the tw-o stations above named during the abnor- 
nially warm winter of 1930-21. The observations for 
Sugust, 1931, are now available. These, like those for 
the preceding month, show t,liat t,he temperature, from 
the surface up to 1,000 meters above sen-level, was 
slight.ly below the average and t,hat above this level the 
temperature was higher t,hm the average. ‘Thus it 
appears t,liat the free-air temperature shove t,lie stations 
named has been above the average for three successive 
months, particular1 in June. 

it has been shown t,hat abnor- 
nialities in the surface distribution of temperature are 
refikcted in bhe free a.ir up to a.c,onsidarable height, 
probably to 5 hi?., although t.he kite observations a t  
that level are not numerous. The natural esplanation 
of the high temperature geems to he analogous to the one 
governing the surface distribution-viz, insohtion plus 
transportation of heated air from lower lntitudes. 
Through the courtesy of the Aeroloc.ica.1 Division, I an1 
able to present t,he ta.ble below, whi& shows the average 
resultant free-air winds a t  successive levels in steps of 
500 niet.ers up t.0 the greatest height reached by the 
kibes ut, the stntions above named for June, and also for 
conipmison thercwith the resiilt.ant winds fur June, 1921. 

TABLE l.--Rcaulkiiib wind~ ( a v e r u p  and for J ~ P .  1921) .in free air rit 
Drc.rt:l, Xebr. ,  arid Ellcndulc. 1V. Dak. 

[The Urexel arer~gc is Ior five years; Ellenddh is for three years.] 

In previous stuties 9 

Drexel: 
5vearaveragc I 8. is‘ W. ........... 
Jliiie. 1911 .... ! E. 7O E. ........... 
:%sn?r average ;. .......... 
June,lY21 ................ 

Elleiidale: I 

8 _A I I .. - . .- .... ............... 

I Altitude (xeters above sea level). 

I- t ~~ ~ ~~~ ~~ I I Drrsel: 
Syenravarage ...... 
June. 1921 

:?-year average.. ..... ............. 
June, 1921 ........... ............ 

Ellendale: 

The striking feature of tshe table is the fact that 
southerly winds prevailed up to a level about 1,000 
meters higher than the average, and as a consequence the 
lower limit of t.he northerly winds, which on the average 
preva.il down to the 3,500-meter level, was elevated 
somewhat. May it not be assumed that the effect of the 
unusual wnrmth in June was cumulative during July and 
August, and that there is a considerable lag in the tem- 
perature of the free air as compared with the surface 
air ?-A. J. Henry. 


